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Description 

TECHNICAL FIELD 

The present invention relates to a 
radiotherapeutic system constituted of a 
radiotherapeutic apparatus and a therapeutic plan- 
ning apparatus in combination. 

BACKGROUND ART 

In the latter half of 1960^, a linear accelerator 
(hereinafter referred to as "linac") appeared as 
means for treating cancer. Because of its simple 
acceleration principle and enhanced reliability on 
its microwave source, it gained a high evaluation as 
practical radiotherapeutic apparatus and rapidly 
came into use. Then, with the development of 
various high-energy radiotherapies, great impor- 
tance has come to be placed on highly accurate 
therapeutic planning. The overall process of a ra- 
diotherapy includes the following stages. The first 
is the stage of diagnosis, that is, to correctly detect 
position, size, shape, etc. of the diseased part by 
utilizing, for example, X-ray CT images. The sec- 
ond is the stage of making up a therapeutic plan, 
that is, to decide the kind of curing radiation, the 
dose, the direction of irradiation, the area to be 
irradiated, etc., on the basis of various data ob- 
tained at the time of diagnosis. The third is the 
stage of execution of the medical treatment, that is, 
to position the area of irradiation on the body of a 
person being examined, confirm it, and apply the 
radiation thereto. The fourth is the stage of man- 
agement, that is, collation, recording, retention, etc. 
of data obtained in the stages of diagnosis, plan- 
ning, and execution of medical treatment. 

In order to define the area of irradiation for 
radiotherapy, tomographic images obtained by an 
X-ray CT etc. and a perspective image obtained by 
an X-ray simulator have so far been utilized. The 
interior of the body being examined can be shown 
with high contrast and resolution in the tomograph- 
ic image by means of the X-ray CT, the diseased 
part (region of interest) can be specified in the 
tomographic image relatively easily. In the per- 
spective image by means of the X-ray simulator, 
the visual point for perspective viewing is set in 
concurrence with the center of radiation of the 
curing radiation. Therefore, the region of interest in 
the perspective image can be easily brought into 
concurrence with the relative part on the surface of 
the body being examined. At the time of execution 
of the radiotherapy, the body being examined is 
moved onto the table of the therapeutic apparatus, 
the perspective image obtained by means of the X- 
ray simulator on a film is projected with light on the 
surface of the body being examined, the region of 


diseased part to be treated is drawn on the body 
being examined by tracing the projected image 
with a felt-tip pen or the like, and then the collima- 
tor aperture at the radiation emitting window is 

5 adjusted to the region of the diseased part drawn 
on the body being examined, and thereafter, the 
radiation from the radiation source is applied to the 
body being examined. 

Since, as described above, tomograms are tak- 

70 en with an X-ray CT, the body being examined is 
then moved into an X-ray simulator to have a 
photograph of perspective image taken, the body 
being examined is then moved onto the table of a 
therapeutic apparatus to have the perspective im- 

75 age in a film projected on the surface of the body 
being examined so that the region of diseased part 
to be treated is marked with a felt-tip, pen by 
tracing the projected image, that is, various oper- 
ations are performed by the use of separate ap- 

20 paratuses, much labor and time have so far been 
taken. Further, many operations, such as the set- 
ting of the film of the perspective image on the 
therapeutic apparatus and the setting of the col- 
limator of the therapeutic apparatus, have relied on 

25 manual work of the operator. Therefor, much time 
and labor have been required for such operations 
and this has been the cause of personal mistakes. 

DISCLOSURE OF THE INVENTION 

30 

An object of the present invention is to realize 
a radiotherapeutic system whereby the process 
from the stage of making a diagnosis of a body to 
be examined for obtaining information of position, 
35 size, shape etc. of the diseased part and making 
up a therapeutic plan of such items as the area to 
be irradiated by a radiation to the stage of position- 
ing of the area to be irradiated on the body being 
examined and applying the radiation to the body 
40 can be reasonably executed with little trouble. 

The present invention is characterized by that 
tomograms are taken by means of an X-ray CT, 
three-dimensional coordinates of the center posi- 
tion of the region of interest to which the radiother- 
45 apy is to be applied and a perspective image of 
the region of interest similar to the perspective 
image obtained by means of an X-ray simulator are 
obtained by calculation performed by a calculating 
device with image data of tomograms, the refer- 
so ence positions for application of the therapy are 
marked on the body being examined according to 
indications given by a positioning device on the 
basis of the three-dimensional coordinates of the 
center position of the region of interest, and the 
55 radiation collimator of the therapeutic apparatus is 
controlled by a therapeutic apparatus controller on 
the basis of the calculated perspective image of 
the region of interest. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the structure 

of an embodiment of the present invention; 

FIG. 2 is a diagram showing an arrangement of 

projectors in a positioning apparatus; 

FIG. 3 is a diagram of a radiation collimator of a 

therapeutic apparatus; and 

FIG. 4 to FIG. 6 are explanatory diagrams of a 

method for obtaining a calculated perspective 

image. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

FIG. 1 is a block diagram showing the configu- 
ration of an embodiment of the present invention. 
Referring to FIG. 1, reference numeral 1 denotes 
an X-ray CT which is formed of a gantry 2, a table 
3, and an operator console 4. Reference numeral 9 
denotes a therapeutic apparatus, for which a linac 
is supposed to be used in the present example. 
Reference numeral 20 denotes a positioning device 
and 21 denotes a calculating device. The calculat- 
ing device 21 receives tomographic image data of 
the body being examined obtained by the X-ray CT 
and the region-of-interest data specified by the 
diagnostician from the operator console 4 and ob- 
tains by calculation with these data three-dimen- 
sional coordinates of the center position of the 
region of interest and the perspective image of the 
region of interest. Reference numeral 22 denotes a 
controller included in the positioning device 20 for 
controlling positions of projectors 23, 24, and 25 in 
accordance with the coordinate data of the center 
of the region of interest supplied from the calculat- 
ing device 21 . The controller 22 moves the projec- 
tors 23, 24, and 25 through motors 26, 27, and 28, 
respectively. FIG. 2 shows relative arrangement 
between the projectors 23, 24, and 25 and the X- 
ray CT 1. The projector 23 is installed on the 
ceiling of the CT chamber and projects a cross 
mark on the body being examined on the table 3 
from above, and it is arranged to be movable 
leftward and rightward in the drawing and posi- 
tioned according to the y-coordinate data of the 
three-dimensional coordinate data. The projector 24 
is installed on the left-hand wall of the CT chamber 
and the projector 25 is installed on the right-hand 
wall of the CT chamber and project cross marks on 
the left side and the right side of the body being 
examined, respectively, and they are arranged to 
be movable up and down in the drawing and posi- 
tioned according to the z-coordinate data of the 
three-dimensional coordinate data. Reference nu- 
merals 29, 30, and 31 denote position sensors for 
detecting positions of the projectors 23, 24, and 25, 
respectively, and feeding back the detected data to 


the controller 22. Reference numeral 32 denotes a 
display for displaying positions of the projectors 23, 
24, and 25. Reference numeral 33 denotes a re- 
mote controller for externally inputting various con- 
5 ditions to the controller 22. Command signals from 
the remote controller are adapted to be input to the 
controller 22 in the form of infrared radiation or the 
like through a detector 34. 

Reference numeral 36 denotes a therapeutic 

w apparatus controller for controlling the aperture of 
the collimator at the radiation emitting window of 
the therapeutic apparatus 9 on the basis of a 
calculated perspective image of the region of inter- 
est received from the calculating device 21. An 

75 example of the collimator 41 is shown in FIG. 3. 
The collimator 41 is formed of lead and its several 
movable segments 42 of lead are adapted to form 
a variable aperture. By the control of the aperture 
of the collimator executed by the therapeutic ap- 

20 paratus controller 36, the area of irradiation can be 
made not only into a simple square form but also 
into a complex form corresponding to the form of 
the region of interest. In the therapeutic apparatus 
controller 36, there is provided a CRT (not shown), 

25 on which the three-dimensional coordinates of the 
center position of the region of interest and the 
perspective image calculated by the calculating 
device 21 are adapted to be displayed. The thera- 
peutic apparatus controller 36 is supplied with a 

30 perspective image (linacgraphy) of the body being 
examined taken by the therapeutic apparatus 9 
under the same conditions as the treating con- 
ditions and this image is also adapted to be dis- 
played on the CRT. Thus, by comparing the cal- 

35 culated perspective image and the linacgraphy with 
one superposed on the other, it can be checked 
whether the positioning with respect to the body 
being examined is in accordance with the thera- 
peutic plan, and it can also be checked, after the 

40 treatment has been finished, whether or not the 
treatment has been carried out in accordance with 
the therapeutic plan. 

The calculating device 21 obtains the three- 
dimensional coordinates of the center position of 

45 the region of interest and the perspective image of 
the region of interest from the image data of the X- 
ray CT 1 according to the following method. FIG. 4 
to FIG. 6 are explanatory diagrams of the calculat- 
ing method. Referring to FIG. 4, reference numeral 

so 44 denotes a body being examined and 5 denotes 
the pathologic part therein. Reference numeral 7 
denotes the position of each of the multislices by 
the X-ray CT 1. In FIG. 5, reference numerals 70 
denote a plurality of tomographic images by the X- 

55 ray CT 1 , 50 denotes the image of the pathologic 
part in each tomographic image, and 8 denotes the 
region of interest established in the tomographic 
image 70 by the diagnostician. The calculating 
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device 21 obtains the three-dimensional image data 
for the body being examined as indicated by 71 in 
FIG. 6 by interpolating a plurality of tomographic 
images 70 and also obtains the three-dimensional 
image data 81 of the region of interest by inter- 
polating a plurality of images of the region of 
interest 8 and further obtains the center position 85 
of the three-dimensional region of interest. The 
above described positions of the projectors 23, 24, 
and 25 are adjusted according to the three-dimen- 
sional coordinates of the center position and three 
marks 6 are projected on the surface of the body 
being examined by three rays of light 60 as shown 
in FIG. 4. The calculating device 21 further sets up 
an imaginary center position of projection S at a 
finite distance SAD (Source Axis Distance) from the 
center 85 of the region of interest and sets up an 
imaginary plane of projection 10 perpendicular to 
the straight line connecting the center position of 
projection S and the center 85 of the region of 
interest. The center position of projection S is set 
up so as to have the same geographic relation to 
the center 85 of the region of interest as that of the 
radiation source of the radiotherapeutic apparatus 
9. Based on such setting, the calculating device 21 
obtains a projected image 11 of the body being 
examined by projecting the three-dimensional data 
of the body from the imaginary center position of 
projection S onto the plane of projection 10 and 
also obtains a projected image 12 of the region of 
interest by equally projecting the three-dimensional 
data of the same. This projected image 12, in fact, 
is the calculated perspective image. This calculated 
perspective image corresponds to the perspective 
image which has conventionally been obtained by 
means of an X-ray simulator. The calculated per- 
spective image is obtained for each of irradiation 
directions of the therapeutic radiation. 

With the described arrangement, the embodi- 
ment operates in the following manner. The body 
being examined is placed on the table 3 of the X- 
ray CT 1 and a multislice scan is performed. The 
collected X-ray radiographic data are sent from the 
gantry 2 to the operator console 4 and image 
reconstruction is performed by a processor within 
the operator console 4. The thus reconstructed 
multiple images are displayed on the display of the 
operator console and the region of interest is set 
up in these images by the diagnostician. The plural 
image data with the region of interest set up there- 
in are transferred to the calculating device 21 . The 
calculating device 21 obtains the three-dimensional 
coordinates of the center position of the region of 
interest and sends the y-coordinate and z-coordi- 
nate out of them to the controller 22 of the position- 
ing device 20. The controller 22, based on the 
coordinate data from the calculating device 21, 
shifts the projector 23 so that the position of the 


cross mark projected on the body being examined 
by the projector 23 concurs with the y-coordinate 
of the center position of the region of interest and 
also shifts the projectors 24 and 25 so that the 
5 positions of the cross marks projected on the body 
being examined by the projectors 24 and 25 con- 
cur with the z-coordinate of the center position of 
the region of interest. The x-coordinate of the cen- 
ter position of the region of interest is sent from the 

w calculating device 21 to the operator console 4 of 
the X-ray CT 1 . The operator console 4, based on 
the x-coordinate, shifts the table 3 so that the 
projected positions of the cross marks projected on 
the body being examined by the projectors 23, 24, 

75 and 25 concur with the x-coordinate. Thus, the 
positions of the cross marks projected on the body 
being examined by the three projectors are brought 
into alignment with the center position of the region 
of interest. Thereafter, marks are drawn with a felt- 

20 tip pen or the like on the surface of the body at 
three positions where the cross marks are being 
projected. Sometimes, there occur cases where it 
is difficult to draw the mark at the right position to 
be marked on account of the condition of the 

25 surface of the body there. In such case, the mark 
may be drawn at a position a predetermined known 
distance shifted from the right position. 

Then, the body being examined is shifted onto 
the table of the therapeutic apparatus 9 and the 

30 position of the table is adjusted so that the center 
position of the region of interest determined by the 
above described three marks on the body being 
examined is aligned with the center of rotation of 
the therapeutic gantry. When a mark was drawn a 

35 predetermined known distance shifted from the 
center position of the region of interest, compensa- 
tion is made for the shifted distance to achieve the 
alignment. The calculating device 21 transfers the 
calculated perspective image data of the region of 

40 interest to the therapeutic apparatus controller 36. 
The calculated perspective image is reduced by 
the scale corresponding to the distance between 
the radiation source and the collimator. The thera- 
peutic apparatus controller 36, based on the cal- 

45 culated perspective image data supplied from the 
calculating device 21, moves the segments 42 of 
the collimator 41 so that the shape of its aperture is 
adjusted to the shape of the region of interest. 
Then, the therapeutic apparatus 9 emits the radi- 

50 ation for a short period of time and takes the 
linacgraphy determined by the shape of the col- 
limator and transfer the video signal for that image 
to the therapeutic apparatus controller 36. The 
therapeutic apparatus controller 36 displays the 

55 linacgraphy superposed on the calculated perspec- 
tive image supplied from the calculating device 21 
on the CRT. The diagnostician confirms that the 
body being examined is placed in the right position 
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according to the condition of registration of the two 
images on the CRT and, thereafter, the radiation is 
emitted from the therapeutic apparatus 9 for giving 
treatment. 

According to the present invention as de- 5 
scribed in the foregoing, the process from the 
stage of taking of tomographic images of a body 
being examined by means of the X-ray CT and the 
making up of a therapeutic plan on the basis of the 
results of the diagnosis to the stage of the treat- 10 
ment of a disease by the therapeutic apparatus can 
be performed on an on-line basis. Therefore, the 
work of the operator can be rationalized and mis- 
takes by manual work can be decreased. Further, 
since the comparison between the linacgraphy and 75 
the calculated perspective image can be made 
easily, the reliability on the making up of the thera- 
peutic plan and execution of the therapy can be 
enhanced. 

Although only the aperture of the collimator of 20 
the therapeutic apparatus has been described to be 
controlled by the therapeutic apparatus controller in 
the above embodiment, angle, position, etc. of the 
gantry of the therapeutic apparatus may further be 
controlled by the same. The radiotherapeutic ap- 25 
paratus is not limited to the linac. 

While the best mode for carrying out the 
present invention has been described above, it will 
be understood by those who have general knowl- 
edge in the field of art to which the present inven- 30 
tion belongs that changes and variations can be 
made in the invention without departing from the 
scope of the appended claims. 

Claims 35 

1. A radiotherapeutic system comprising: 

an X-ray CT (1) for giving a multislice scan 
(7) to a body (44) being examined placed on a 
movable table (3) to thereby take multiple 40 
tomographic images (70) of the body; 

a calculating device (21) supplied with 
multiple tomographic image data of the body 
being examined with a region of interest (8) 
specified in each thereof for making calculation 45 
with the multiple tomographic image data to 
thereby obtain three-dimensional coordinates 
of the centre (85) of the region of interest and 
a perspective image of the region of interest 
seen from an imaginary center of projection (S) 50 
corresponding to the position of the source of 
radiation of a radiotherapeutic apparatus (9); 

positioning device including projecting 
means (23, 24, 25) projecting at least three 
light marks (6) whose positions are shiftable on 55 
the surface of the body being examined placed 
on the table of said X-ray CT for projecting the 
light marks on the surface of the body at the 


positions determined by the three-dimensional 
coordinate data supplied from said calculating 
device of the center of the region of interest of 
the body being examined; 

said radiotherapeutic apparatus allowing 
the body being examined with marks drawn on 
the surface thereof at the positions on which 
the light marks were projected by said posi- 
tioning device to be placed on its table such 
that the center position of the region of interest 
determined by the marks is in concurrence 
with the center of rotation of its gantry, said 
therapeutic apparatus having a collimator (41) 
with a variable aperture at its radiation emitting 
window and emitting radiation to the body be- 
ing examined through the collimator; and 

a therapeutic apparatus controller (36) sup- 
plied with calculated perspective image data 
from said calculating device for controlling the 
aperture of the collimator of said therapeutic 
apparatus in accordance with the supplied 
data. 

2. A radiotherapeutic system as claimed in claim 
1 , wherein said therapeutic apparatus supplies 
the video signal of a perspective image taken 
by applying the radiation to the body being 
examined through the collimator to said thera- 
peutic apparatus controller; and 

said therapeutic apparatus controller dis- 
plays the perspective image based on the vid- 
eo signal and the calculated perspective image 
for comparison with each other. 

Patentansprilche 

1. Ein Strahlentherapiegerat mit: 

einer Rontgenrohre bzw. -CT (1), urn eine 
Mehrscheibenabtastung (7) an einem Korper 
(44) zu liefern, der auf einem beweglichen 
Tisch (3) angeordnet untersucht wird, urn da- 
durch mehrfache Tomographie-Bilder (70) des 
KQrpers zu machen; 

einer Berechnungsvorrichtung (21), die mit Da- 
ten mehrfacher Tomographie-Bilder des K6> 
pers, der untersucht wird, versorgt wird, wobei 
ein interessierender Bereich (8) in jedem da- 
von spezifiziert ist, urn eine Berechnung mit 
den Daten mehrfacher Tomographie-Bilder vor- 
zunehmen, urn dadurch dreidimensionale Ko- 
ordinaten der Mitte (85) des interessierenden 
Bereichs und eines perspektivischen Bildes 
des interessierenden Bereichs zu erhalten, 
welche von einem imaginaren Zentrum einer 
Projektion (S) gesehen werden, das der Posi- 
tion der Strahlungsquelie eines Strahlenthera- 
piegerStes (9) entspricht; 
Positioniervorrichtung, die Projektionsmittel 
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(23, 24, 25) einschliefit, welche mindestens 
drei Lichtmarkierungen (6) projizieren, deren 
Positionen auf der Oberflache des Korpers, 
der auf dem Tisch des Rontgen-CTs angeord- 
net untersucht wird, verschoben werden kon- 
nen, urn die Lichtmarkierungen auf die Ober- 
flache des Korpers bei den Positionen zu proji- 
zieren, die durch die von der Berechnungsvor- 
richtung zugefOhrten dreidimensionalen Koordi- 
natendaten der Mitte des interessierenden Be- 
reichs des KSrpers, der untersucht wird, be- 
stimmt werden; 

wobei das Strahlentherapiegerat erlaubt, daB 
der Korper, der untersucht wird, mit Markierun- 
gen, die auf der Oberflache davon bei den 
Positionen gezeichnet werden, auf die die 
Lichtmarkierungen durch die Positioniervorrich- 
tung projiziert werden, auf dessen Tisch derail 
angeordnet wird, daB die Mittenposition des 
interessierenden Bereichs, die durch die Mar- 
kierungen bestimmt wird, mit dem Drehzen- 
trum von dessen Rahmen bzw. Gerust zusam- 
menfallt, wobei das Therapiegerat einen Kolli- 
mator (41) mit einer variablen Apertur bei sei- 
nem strahlungsemittierenden Fenster aufweist 
und Strahlung zu dem Korper, der untersucht 
wird, durch den Kollimator emittiert; und 
einem Regler (36) fur das Therapiegerat, der 
mit berechneten perspektivischen Bilddaten 
von der Berechnungsvorrichtung versorgt wird, 
urn die Apertur des Kollimators des Therapie- 
gerates gemaS den zugefOhrten Daten zu re- 
geln. 


r£aliser le caicui a i'aide des donn£es dama- 
ges tomographiques multiples et donner ainsi 
les coordonn^es tri-dimensionnelles du centre 
(85) de la region inte>ess£e et une image en 
5 perspective de la region int6ress6e vue depuis 

un centre imaginaire de projection (S) corres- 
pondent a la position de la source de radiation 
d'un appareil de radiotheVapie (9); 

un dispositif de positionnement comportant 
70 des moyens de projection (23,24,25) projetant 

au moins trois reperes lumineux (6) dont les 
positions sont d£plagables sur ia surface du 
corps en examen place" sur la table du tomo- 
graphe aux rayons X assiste* par ordinateur 
75 pour projeter les reperes lumineux sur la surfa- 
ce du corps en des emplacements d6termin£s 
par les donnSes de coordonnSes tri-dimension- 
nelles d§livr£es par le dispositif de calcul du 
centre de la region int^ressee du corps en 
20 examen ; 

ledit appareil de radiotheVapie permettant 
au corps d'etre examine* alors que des reperes 
sont traces sur sa surface en des emplace- 
ments sur lesquels les reperes lumineux sont 
25 projetSs par ledit dispositif de positionnement 

pour etre place* sur la table de telle maniere 
que la position centrale de la region inteVessee 
d6termin6e par les reperes coVndice avec le 
centre de rotation du portique, ledit appareil 
30 thSrapeutique comportant un collimateur (41) 

avec une ouverture radiale a sa fenetre d'emis- 
sion de radiation et Smettant une radiation sur 
le corps en examen a travers le collimateur ; et 
un dispositif (36) de commando de I'appa- 
35 reil theVapeutique recevant les donn^es dama- 
ges en perspective ca!cul£es a partir dudit 
dispositif de calcul pour commander Touvertu- 
re du collimateur dudit appareil th£rapeutique 
en concordance avec les donnges fournies. 

40 


2. Ein Strahlentherapiegerat nach Anspruch 1, 
worin das Therapiegerat das Bildsignal eines 
perspektivischen Bildes, das durch Anwenden 
der Strahlung auf den Korper, der untersucht 
wird, durch den Kollimator gemacht wird, dem 
Regler ffJr das Therapiegerat zufUhrt; und 
der Regler fur das Therapiegerat das auf dem 
Bildsignal beruhende perspektivische Bild und 
das berechnete perspektivische Bild zum ge- 
genseitigen Vergleich anzeigt 

Revendications 

1. Un systeme de radiotheVapie comportant : 

un tomographe aux rayons X (1) assists 
par ordinateur pour r^aliser une exploration par so 
tranches multiples (7) sur un corps (44) en 
examen place* sur une table mobile (3) pour 
prendre ainsi des images tomographiques mul- 
tiples (70) du corps ; 

un dispositif de calcul (21) recevant des 55 
donn^es d'images tomographiques multiples 
du corps en examen, avec une region int£res- 
s6e (8) spSciftee dans chacune d'elles pour 


2. Un systeme de radiotheVapie tel que revendi- 
que dans la revendication 1 , dans lequel ledit 
appareil theVapeutique d£livre audit dispositif 
de commande de I'appareil theVapeutique le 
signal vid€o d'une image en perspective prise 
en appliquant la radiation au corps en examen 
a travers le collimateur; et 

ledit dispositif de commande de I'appareil 
theVapeutique affiche I'image en perspective 
sur la base du signal video et I'image en 
perspective calcul^e pour les comparer Tune 
avec i'autre. 


6 


EP 0 480 035 B1 



EP 0 480 035 B1 


F«T.2_ 



23 PRtfjeCro;? 
2 c,AmKx 


24 f-RojeaoR 


1. 



7777777777 77777777777777777777777 


25 nOJLQOR 


Uf3 



8 


EP 0 480 035 B1 



EP 0 480 035 B1 



10 


10 


i 


